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ABSTRACT 
 Attempts to obtain information on shortwave surface radiative fluxes from satellite observations 
have been made since the very early stages of satellite explorations.  During the last two decades the 
methodologies to obtain such fluxes have advanced to a level where results have been found to be of 
sufficient quality to address a wide range of climate issues.  The current inference schemes have 
capabilities to derive not only the total down-welling shortwave fluxes, but also fluxes absorbed in the 
atmosphere and at the surface both under clear and cloudy conditions, and diffuse and spectral fluxes.  The 
framework for advancing the development of such capabilities was provided by the Global Energy and 
Water Cycle Experiment (GEWEX) program aimed at understanding and modelling the global 
hydrological cycle and programs such as the Coordinated Enhanced observing Period (CEOP) activity.  
The satellite based flux estimates have proven to be very valuable for evaluating large scale models that 
require information on radiative fluxes at global and regional scales.  Yet, many outstanding issues of these 
data sets as related to spatial sampling, temporal sampling, adequate representation of the diurnal cycle, 
spectral resolution of the observations and the quality of the auxiliary information used to drive the 
inference schemes (such as information on aerosols), need to be addressed in a systematic manner.  Since 
satellite estimates are now available for periods of at least twenty years, there is also interest in assessing 
the temporal variability of the radiative balance and implications for climate change studies.  In this 
presentation, reviewed will be the current status of available information on shortwave radiative fluxes, 
discussed will be current issues related to outstanding problems, and presented will be examples of 
collaborative activities in progress. 
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INTRODUCTION 
Since the early seventies, attempts to derive radiative fluxes from satellite 
observations have been in progress (VonderHaar et al., 1973; Raschke and Preuss, 1979).  
A comprehensive effort to obtain such information at global scale was initiated by the 
Global Energy and Water Cycle Experiment (GEWEX) program of the World Climate 
Research Program (WCRP) (Chahine, 1992; Sorooshian, 2003) aimed at: improvement of 
the understanding and modeling of the hydrological cycle on time scales from diurnal to 
interannual; evaluation of land surface parameterizations; and testing their implications 
for global climate and weather forecast models.  Such information is also required at the 
boundary of the upper ocean since radiative fluxes influence the sea surface temperature 
and precipitation. 
Capabilities to derive radiative fluxes at global and regional scales for extended 
time periods from geostationary and polar orbiting satellites have been demonstrated 
(Stuhlman et al. (1990); Pinker and Laszlo (1992); Brison et al. (1994); Chou (1994); 
Whitlock et al. (1995); Pinker et al. (1995); Rossow and Zhang (1995); Gupta et al. (1999, 
2001); Ceballos et al. (2004); Pinker et al. (2003); Zhang et al. (2004)).  The global scale 
effort was facilitated by the joint NOAA/NASA PATHFINDER activity (Dodge and 
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 Ohring, 1992) under which uniform and long -term observations taken from numerous 
satellites have been processed into reduced resolution, global coverage homogeneous 
information.  The various versions of the International Cloud Climatology Project 
(ISCCP) data (Schiffer and Rossow, 1985) that are a sub-set of the PATHFINDER data, 
have been extensively used for inferring global scale distributions of clouds, cloud 
properties, and surface radiative fluxes (Zhang et al., 1995; Pinker and Laszlo, 1992; 
Stackhouse et al., 2002).  The WCRP GEWEX Surface Radiation Budget (SRB) project 
was specially tasked to produce, validate, and assess long-term surface and atmospheric 
radiative 
budgets on a global scale 
(Stackhouse et al., 2002).  
The satellite estimates 
have been evaluated 
extensively by the 
producers of the data as 
well as by independent 
investigators.  The ground 
truth as available from the 
Swiss Federal Institute of 
Technology, Global 
Energy Balance Archive 
(GEBA) (Ohmura et al., 
1998), and various other 
sources as compiled at the 
NASA Langley Data 
Center have been used.  
Many ground-based 
observational networks are 
now available (BSRN; 
SURFRAD; ARM; 
SKYNET; AERONET)  
 
Figure 1. Comparison of University of Maryland SRB model 
(Version 2.1) retrieved monthly mean surface 
downward shortwave fluxes against ground truth from 
GEBA for the entire year of 1986, using satellite 
observations from ISSCP D1. 
 
that provide information needed for evaluation.  Extensive evaluations are also conducted 
against fluxes at the top of the atmosphere using observations from ERBE (Barkstrom et 
al., 1984), SCARAB (Hollmann et al., 1999) and CERES (Wielicki, 1999). 
The satellite based estimates of radiative fluxes at global scale have already been 
used in a wide range of applications (Hahmann et al., 1995; Bony et al., 1997; Machado et 
al., 1998; Sui et al., 2001).  New types of experiments for improving weather prediction at 
regional scale are in progress.  Improving weather and seasonal climate prediction requires 
information on initial states of the atmosphere, oceans and land.  Sparse observations need 
to be assimilated from various observing platforms into atmospheric initial states via 4-
dimensional data assimilation (4DDA) to blend observations with the background fields of 
an LSM.  Yet, errors remain in soil moisture/temperature and surface energy/water fluxes, 
due to biases in the surface forcing.  Under the North American Land Data Assimilation 
System (NLDAS) project (Mitchell et al., 2004) quality controlled, spatially and temporally 
consistent, real-time and retrospective forcing data of rainfall and radiation as obtained 
from observations and satellite based estimates of radiative fluxes (Pinker et al., 2003) have 
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 been used to support LSM activities.  This activity is a first real-time operational prototype 
of a continental-scale uncoupled land 4DDA assimilation executed daily at the National 
Centers for Environmental Pedictions (NCEP) that utilizes real-time streams of hourly to 
daily  precipitation and insolation fields (from satellites and/or ground observations).  It is 
hoped that such an approach will reduce the errors in the storage of soil moisture and 
energy which are often present in NWP models and which degrade the accuracy of 
forecasts. 
In parallel to the NLDAS activity, a Global Land Data Assimilation System 
(GLDAS) is being developed jointly by scientists at NASA’s Goddard Space Flight 
Center (GSFC) and NOAA’s National Centers for Environmental Prediction (NCEP) 
(Rodell et al., 2003).  Its purpose is similar to that of NLDAS but runs globally and 
produces results in near-real time (typically within 48 hours of the present).  The global 
land surface fields provided by GLDAS will be used to initialize weather and climate 
prediction models and will promote various hydrometeorological studies and applications.  
As yet, radiation fields are not produced globally in real time based on satellites but 
rather use clouds and parameterization of their effects.  Similar activities are in progress 
in the European LDAS Community (ELDAS) (Meetschen et al., 2004). 
Other programs of relevance that promoted the use of satellite estimates of 
radiative fluxes are the various GEWEX Continental Scale studies such as LBA (Nobre 
et al., 2001), BALTEX (Raschke, 1998) or GAME (Nakajima, 2001; Takamura et al., 
2001; Sekiguchi et al., 2003).  The Coordinated Enhanced Observing Period (CEOP) 
program (Grassl, 2002) supports research objectives in climate prediction and monsoon 
system studies, and surface radiation is an important element of the program.  CEOP has 
been endorsed as the first element of the new Integrated Global Water Cycle Observation 
Theme approved by the Integrated Global Observing System Partners (IGOS-P) 
(http://www.ceop.net/). 
The goal of research on satellite based inference schemes is to determine the 
atmospheric and surface radiative fluxes at a level of precision needed to predict transient 
climate variations and climate trends, improve capabilities to predict changes in water 
resources and soil moisture and aid in the development of global models to a level that 
will allow them to determine if the Earth's energy budget and water cycle are changing.  
In this presentation addressed will be issues that still require attention before such goals 
can be achieved. 
SELECTED INFORMATION ON SURFACE RADIATIVE FLUXES 
• First WCRP Surface Radiation Budget Global Data Sets, Short-wave Radiation  
Parameters March 1985-December 1988, NASA Earth Observing System 
Distributed Active Archive Center, NASA Langley Research Center, Hampton, 
VA (Whitlock et al., 1995), at monthly time scale. 
• Global Data Sets for Land-Atmosphere Models, ISLSCP Initiative 1: 1987-1988,  
Volume 1-5, NASA Goddard DAAC Science Data Series, at three hourly 
intervals (Sellers et al., 1996). 
• ISLSCP Initiative II consists of a 10-year core global data collection spanning 
the years 1987 to 1995 at spatial resolutions of one-quarter to one degree.   
http://islscp2.sesda.com/ISLSCP2_1/html_pages/islscp2_home.html  
• Global Ecosystem Database, Disk B, National Environmental Satellite, Data, and  
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 Information Center National Geophysical Data Center, Boulder, Colorado 
November 1997.  Monthly averaged on Photosynthetically Active Radiation, for 
the period July 1983-July 1988.  
The most recent global scale and long term data sets on satellite surface radiative fluxes 
can be found at: http://www.gewex.org/srb.html; http://atmos.umd.edu/~srb/pathfinder; 
and http://isccp.giss.nasa.gov/ 
ADDRESSING SELECTED OUTSTANDING PROBLEMS 
1. Spatial Inhomogeneity 
Satellite observations are incomplete in space or/and in time.  In order to use such 
observations to monitor climate, in climate modeling, or to drive general circulation models, 
there is a need to subject them first to some type of optimal interpolation, to obtain 
homogeneous information.  The magnitude of errors in available estimates of surface 
radiative fluxes due to this deficiency is not well established and requires attention. 
An approach was developed to obtain homogeneous data sets, and the methodology 
was applied to the widely used International Cloud Climatology Project (ISCCP) DX and 
D1 data.  These provide observations independently for each geostationary and polar 
orbiting satellite, sampled at 30 km.  Data gaps, degraded spatial resolution near boundaries 
of geostationary satellites, and different viewing geometries in areas of satellite overlap, 
could result in inhomogeneous estimates of radiative fluxes.  An Empirical Orthogonal 
Function (EOF) iteration scheme was introduced for homogenizing the radiative fluxes 
(Zhang, Pinker and Stackhouse, 2004).  When compared against ground truth over Europe, 
Africa and United States for a period of about four years, the rms error was reduced by 
about 2 W/m2 when compared to unsmoothed results. 
2. Aerosol effects 
Aerosols scatter and absorb solar radiation and their effect on the hydrological 
cycle has been of concern (Ramanathan et al., 2002).  Information on aerosol optical 
properties is therefore important for accurate modeling of the surface radiation budget.  In 
recent years, progress has been made to derive aerosol optical depth (AOD) from a 
variety of sources.  To estimate uncertainties in SRB due to aerosols, a methodology was 
developed to merge satellite observations, chemical models, as well as ground 
observations.  The method keeps the large-scale spatial and temporal variation patterns as 
derived from satellites and models, and simultaneously regulates the magnitude using 
ground measurements (Liu, Pinker and Holben, 2004).  Specifically, the following data 
were used: 
• GOCART model simulation: A three-dimensional chemical transport model 
(Chin et al., 2000, 2002; Ginoux et al., 2001) capable of reproducing prominent 
spatial and temporal variations, especially in areas with strong signals (biomass 
burning and dust). 
• MODIS satellite retrieval: The MODerate resolution Imaging Spectroradiometer 
(MODIS) provides information on AOD (King et al., 2002).  Used are the 
MODIS Level-3 monthly mean AOD data.  
• AERONET ground measurement: The AERONET is a globally distributed 
federated network of ground-based observations representing a wide variety of 
atmospheric conditions using state-of-the-art sunphotometers (Holben et al., 1998; 
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 Eck et al., 1999).  Used are AOD monthly mean data from 159 sites in operation 
during the analysis period.  
 The derived AOD distribution used is presented in Figure 1.  The impact 
was tested in a region frequented by dust.  A “control run’ was made with “nominal 
values of AOD, assigned according to land use.  A second run was performed with the 
realistic AOD information.  Results are presented in Figure 2.  As evident, over the ocean 
adjacent to the coast of Africa, aerosols can reduce surface fluxes by as much as  
12 W/m2. 
 
Figure 2. Monthly mean values of aerosol optical depths as derived from the combined estimates 
from MODIS, GOCART and AERONET for February 2001 (left) and the impact on SRB 
when compared to nominal AOD (right) 
3. Calibration uncertainties 
 Parameters derived from satellite observations depend on the quality of 
calibration of the satellite measurements.  Sensitivity of surface shortwave downward 
fluxes to different calibration methods for the visible sensor aboard the GOES-8 
geostationary satellite were investigated (Wonsick and Pinker, 2004).  One calibration 
method was developed at the National Oceanographic and Atmospheric Administration 
(NOAA) National Environmental Satellite Data and Information Service (NESDIS) 
(Weinreb et al., 1997).  The second evolved from a study conducted at the NASA 
Langley Research Center, in which data from research satellites carrying onboard 
calibration systems were used as reference sources to develop new calibration 
coefficients for GOES-8 (Minnis et al., 2002).  Evaluated were differences in absolute 
reflectance, derived cloud cover, and estimated surface shortwave fluxes as compared to 
ground measurements.  Differences in visible reflectance ranged from -0.5 to 3%.  The 
average difference in monthly mean cloud amount was ~3%, and the average difference 
in monthly mean shortwave downward flux was 5 W/m2.  Differences in bias and RMS in 
evaluation against ground station measurements were less than 2 W/m2.  Neither 
calibration method was shown to consistently outperform the other.  This evaluation 
yields an estimate of the errors in fluxes that can be attributed to calibration.  In the case 
of the ISCCP data, homogeneity of the satellite observations is achieved by normalizing 
all the geostationary satellites used to polar orbiting satellites, which enjoy a long history 
of calibration know-how (Desormeaux et al., 1993). 
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 A MULTI-SATELLITE APPROACH 
In the past, emphasis has been on the use of geostationary satellites to capture the 
diurnal variability in cloud distributions that determines the amount of energy received at 
the surface during the course of a day.  Many of these satellites are limited in their 
capability to accurately detect cloud or aerosol optical properties that are important 
elements of the radiation budget.  The MODIS instrument onboard the Terra and Aqua 
satellites and the Midori II GLI observed with 36 spectral bands with the capability for 
measuring atmospheric and surface properties at higher accuracy and consistency.  It is 
important to utilize such observations to evaluate the performance of algorithms applied 
to satellites that do not provide direct information on cloud and aerosol optical 
characteristics.  The “Atsk 13” SRB algorithm that was developed for use with GLI 
observations was implemented with the MODIS prototype data at 10 resolution as well as 
with the pixel level MODIS swath data as illustrated in Figure 4.  Work is in progress on 
the evaluation of surface radiative fluxes from such multiple-source observations and 
various algorithms in the domain of the GMS satellite, using ground truth as available 
from the SKYNET. 
 
 
 
 
 
 
Figure 3. Monthly mean shortwave surface downward flux (W/m2) with MODIS V004 data at 10 
resolution for September 2001 (left) and pixel level MODIS data for July 4, 2001 over 
Japan (right). Cloud fraction, cloud optical thickness, aerosol optical thickness, 
precipitable water, total column ozone amount, spectral surface albedo and solar zenith 
angle are from MODIS data. 
SUMMARY 
Global data sets on surface radiative fluxes have been developed by several 
groups and are being used extensively in a wide range of climate applications.  In the 
United States, Europe and Brazil, work has started on providing such information in an 
operational mode for use as forcing functions in numerical weather prediction models.  
Yet, uncertainties in available estimates of SRB are not fully known and require further 
attention.  Many new satellite missions have been launched that can help to address 
specific issues related to uncertainties.  For instance, MODIS on Terra and Aqua 
satellites (King et al., 2002) and the GLI instrument on ADEOS-II observe the earth in an 
unprecedented number of spectral intervals and at high spatial resolution.  Such 
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 observations can be utilized for assessing limitations of the operational satellites with 
limited spectral capabilities.  New observations from a suite of sensors on the 
METEOSAT Second Generation (MSG) mission, to be made with the Spinning 
Enhanced Visible and Infra-Red Imager (SEVIRI) and with the Geostationary Earth 
Radiation Budget (GERB), will facilitate improvements in existing methodologies to 
derive surface radiative fluxes.  Level 1.5 data from SEVIRI and GERB have half hourly 
observations in all 12 SEVIRI channels and two GERB channels.  The two instruments 
are collocated and therefore, it would be possible to test narrow-to-broadband 
transformations that are needed when narrow-band observations are used to infer 
broadband fluxes.  New angular models based on CERES should be also helpful in 
reducing uncertainties in the derived fluxes.  Application of high quality satellite based 
radiative fluxes to process studies in models can help to improve: extended range 
forecasts; water resource variability; simulations of climate response to anthropogenic 
forcing and provide input to other climate related programs such as CLIVAR 
(http://www.clivar.org/). 
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